Abstract-Eigenvalues of a power system give a good picture of the stability in the current operating point. In this paper the linear analysis capabilities of two software packages are evaluated and compared. It is shown in which way the linearization method influences the results, i.e., the location of the obtained eigenvalues in the complex plane.
1.
INEAR analysis is a useful tool to study whether a power L system IS stable or not as it enables the determination of the eigenvalues of the system. The locations of the eigenvalues in the complex plane give for instance information about the presence of weakly damped oscillations.
There are several software packages on the market that can extract eigenvalues [I] . However, the various programs are seldom evaluated and compared. In this paper two software packages are compared and differences between them are explained, Since the software packages use different linearization methods as well as different models of the power system components it is important to understand that there exist differences in the extraction of the eigenvalues. The analyzed software packages are PTPs PSSiE and A B B s Simpow.
Several synchronous machine models have been linearized using PSSiE and Simpow in [2]. This paper starts with linearization of the classical synchronous machine model to understand how linearization methods influence the results, later the synchronous machines in [2] are used but equipped with exciter and turbine models in order to study a more complete model. 
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PAPEROUTLINE
The comparison of the two software packages focuses on the following topics: differences in linearization methods, 8 differences in modeling of the power system components, sensitivity of the eigenvalues to variations of parameters in a power system, as in (31. The sensitivity analysis is done to illustrate the fact that two engineers, using different software packages may obtain different results although they study the same power system.
The following synchronous machines are analyzed a classical machine model connected to an infinite bus, a 6"-order machine model equipped with an exciter and turbine, connected to an infinite bus.
LWFARIZATION METHODS
In [2] . the linearization methods used in PSSiE and Simpow were outlined. In this paper the methods are further analyzed and exemplified. (1)
Equation (1) is used to calculate values of the ith column of the state matrix A. In equation (I), A, is a matrix of the same dimensions as A, containing the ith column of matrix A and zeros for the rest. Ax, is a vector containing the perturhation in element i and zeros for the rest. By sequentially perturbing all entries of vector x to get different x ;s, all columns of the A-matrix are computed using equation (1). This method can be found in the literature named as forward-difference approximation [5] .
The size of the perturbation h affects the obtained result, i.e. the A-matrix and its eigenvalues. This is shown below. Once the A-matrix has been derived, the eigenvalues of the matrix A are calculated using the Quick Response method (the QR-method) [6] .
B. Linearization method in Simpow
Simpow uses an analytical linearization routine wherein all differential equations and algebraic equations are linearized by their analytical expressions [7] . The differential equation The linearization procedure as described with equations (2) and (3) is possible because mathematical rules prescribing the differentiation of the various operators are implemented in the program, i.e., enabling symbolic differentiation. Equation (3) contains two algebraic variables, AT,,, and ATe, and one state variable A(Am). Algebraic variables are variables that are not time-derivated in the system of equations. The state and the algebraic variables are put in the state vector x and the algebraic variable vector v respectively as:
The linearized system is described with a Jacobian-matrix J, consisting of four sub-matrices J,, J,, J,, and J, as in equation (5) PSS/E AND SIMPOW WlTH A CLASSICAL MACHME MODEL With both packages, a small test system containing an infinite bus, a transmission impedance xi,,, and a synchronous machine represented by the classical machine model are modeled, see figure 1 and [9], p. 732 where all data can he found. The models of the power system components are in this case identical in both software packages and therefore it is possible to observe what impact the different linearization methods have on the obtained eigenvalues.
Machine bus Infinite bus
In figure 2 the classical machine model and its connection to the rest of the power system is shown. which is the default perturbation size in P S S E By adding it to each state variable in an equilibrium point, it is calculated how the left-hand sides of differential equations (7) and (8) change.
Equations (7) The left-hand sides of equations (7) The left-hand sides of equations (7) and (8) when perturbing 6, noted as Ad, are used to identify the matrix-elements A12 and A z in equation (9). 6 is not direct included in the differential equation (7) and therefore 8 s feedback to the variable T, is calculated using the algebraic equations of figure 2. The matrix-element AI, is: The eigenvalues in equation (15) were calculated when the state matrix A in equation (14) was identified with a perturbation size of 0.01 p.u. In section IV-C below, eigenvalues are shown derived from state matrices constructed with different perturbation sizes, both "by hand" as in this section and also direct by PSSE.
B. Linear analysis of the classical machine model in Simpow
In Simpow the two state variables and the algebraic variables are put in the state vector I and the vector v respectively.
The mechanical torque T, is constant for the classical machine model and is therefore not included in vector v. The electrical torque T. is expressed by using the variables in vectors v and x and is therefore also not included in vector v. The result in Simpow is analytically derived and the eigenvalues in equation (26) can also be found in [9], p. 735. Table I1 summarizes sections IV-A and IV-B. The table contains the obtained eigenvalues also for the perturbation size 0.0001 in PSS/E. When comparing the columns, differences are seen in the imaginary parts of the eigenvalues and therefore we proceed in this subsection with varying the perturbation size h in PSSR.
C. Conclusions of linear analysis of the classical machine model in PSUE and Simpow
steps. The curve indicated as 2) shows result obtained direct from PSSE where h has been varied from 0.0001 to 0.1000 in 32 steps. Since curves 1) and 2) are very close it shows that PSSE's linearization method is as shown in section 1V-A.
The curve indicated as 3) in figure 3 shows the result from the linearization made in Simpow. Since analytical linearization is carried out, no perturbation is used and the result is therefore independent of the perturbation size h. Figure 3 shows that the smaller h, the closer the result from PSSE (curves 1) and 2)) is to the analytical calculation obtained from Simpow (curve 3)). If all equations of the system had been linear, curves 1) and 2) had perfectly followed curve 3) also for large values of h, but since non-linear block diagrams are included when the four matrix-elements are identified, the result is depending on h. As can be seen by comparing the A-matices in equation (14) and (25) 
In [io] it has been shown that the perturbation size h has to be set according to whether the variables are defined with single or double precision. As a rule of thumb h should not he smaller than h = where to1 is the used precision by which the variables are calculated, The other matrix-elements of tion afthe permrbation size h. equation (9) are independent of h. Curves 1) and 2) in figure 3 indicate the situation when perturbations are large. This has been verified with timedomain simulations and for large perturbations h in the system the oscillation frequency is indeed decreasing as in figure 3 and is as low as 5 [rad/s] for very large perturbations. However, when small-signal behaviors of systems are studied, the perturbation is assumed to he so small so that the system can be linearized in the current workine ooint. Fieure 3 shows that 
v. CASE 2 COMPARISON OF A 6"-OWER h l A C W MODEL
In this section a standard model of a 6'-order synchronous machine in the two software packages is used to show how analysis of an identical power system by two engineen working in parallel but using different software packages may yield different results. The synchronous machine is equipped with an exciter and a turbine model. The block diagram of the exciter is shown in figure 5 and the turbine GAST can be found
The machine, exciter, and turbine parameters are given in table 111.
In PSSIE the synchronous machine model GENROE is used and in Simpow the machine model 1A is used. Magnetic saturation is neglected. Differences between the two machine models are for instance how the stator fluxes are calculated. However, both are used frequently for studying transient stability. With the same settings it is below documented differences when linearizing them in the two software packages. The total power system, see figure 1 , is of 14* order and therefore 14 eigenvalues are derived as shown in table IV. In PSSE, linearizations have been made for two perturbation sizes. In columns 2 and 3 it is possible to see the influence of the perturbation size h as was shown earlier in section IV-C.
However, the main difference between the eigenvalues obtained by the two software packages are caused by the differences in the machine models as can be seen by comparing columns 2 and 3 with 4. Eigenvalue 1, is the eigenvalue that differs most between the two software packages. Since the rest of the power system components are identical in the two programs, columns 3 and 4 in table IV show how the difference in the machine models influence the result.
Eigenvalue analysis is often used to study the possibility to improve the damping of oscillations. For this system it will be investigated how the electromechanical mode AI, in table IV moves in the complex plane when exciter parameters are changed. 7his is oflen a real task when improving the stability of a power system. To this end, the exciter gains KA and KF are varied. The perturbation size in PSSE is set to 0.01 and 0.0001. In figure 6 we can see how the oscillation frequency and the damping of the electromechanical mode A,, changes when KA is varied from 5 to 90 in steps of 5. The paths are not identical in the two software packages and for every value of KA, the oscillation frequency is lower in PSSE than in Simpow. However, when increasing KA the path of the mode has the same direction in the complex plane and therefore the analysis is in both software packages that KA should be increased to damp the mode. The other parameters are unchanged, see table 111.
In figure 7 we can see how the oscillation frequency and the damping of the electromechanical mode A,, change when KF is varied from 0 to 0.2 in steps ofO.O1 and from 0.2 to 0.5 in steps of 0.05. Again, the paths are not identical in the two programs. However, the mode is in both software packages less damped for KF = 0.16. The values of the other parameters are lei? unchanged, see table 111.
In this section we have shown that the location of the electromechanical mode differs between PSSE and Simpow when varying exciter parameters. The analysis of how to damp the electromechanical mode in each of the two software packages are, however, very similar and largely independent on the differences of the machine models and the linearization routines. One difference is that the value of the real part (Sigma in figure 7) differs for KF = 0.16 in the software packages.
VI. CONCLUSIONS
The linear analysis capabilities of the two software packages PSSB and Simpow have been evaluated in this paper. PSSiE uses numerical linearization while Simpow uses analytical linearization. The analytical linearization is achieved by writing the models in terms of the most elementary components for which a linearization formula is known.
It has been shown that the perturbation size in PSS/E influences the calculated eigenvalues. However, for small values of the perturbation h, results from PSWE are very similar to those obtained from Simpow. It is not shown in the paper and has to he further studied if a small perturbation size can be used when studying large power systems.
The impact of the differences between the 6*-order synchronous machine models in the two software packages has also been evaluated. The result was that the eigenvalues are. slightly different.
When analyzing the electromechanical mode of a small power system, the impact of the difference io machine models and linearization routines were investigated. It was concluded that the analysis of how to improve the damping of the electromechanical mode-by changing regulator parameters-is the same in the two somare packages, except for small quantitative differences.
We ,are working on analyzing the effect of the linearization method on the eigenvalues of large power systems since small perturbations might be impossible to apply in that case according to numerical accuracy. [3]
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